Geochemical data (total organic carbon-TOC content, δ13Corg, C:N, Rock-Eval analyses) were obtained on 150 core tops from the Angola basin, with a special focus on the Congo deep sea fan. Combined with the previously published data, the resulting dataset (322 stations) shows a good spatial and bathymetric representativeness. TOC content and δ13Corg maps of the Angola basin were generated using this enhanced dataset. The main difference in our map with previously published ones is the high terrestrial organic matter content observed downslope along the active turbidite channel of the Congo deep sea fan till the distal lobe complex near 5,000 m of water-depth. Interpretation of downslope trends in TOC content and organic matter composition indicates that lateral particle transport by turbidity currents is the primary mechanism controlling supply and burial of organic matter in the bathypelagic depths.
Introduction
Marine sediments represent the largest reservoir of organic carbon on earth and organic matter (OM) burial in marine sediments plays a key-role in the carbon cycle (Berner, 1982) . The major part of OM in marine sediments derived from phytoplankton, although only a very small proportion of surface water primary production, reaches the deep ocean, owing to intense remineralization during settling of particles and at the seafloor. Moreover, the export and accumulation of marine OM in deep-sea sediments vary significantly from place to place (François et al., 2002; Jahnke, 1996; Seiter et al., 2004 among others) . Marine OM concentration is generally higher along continental margins where nutrients are available, particularly in upwelling areas, and is lower in abyssal plains due to decreasing primary productivity with increasing distance from the coast and due to the longer transit time through water column because of larger water depth.
Terrestrial OM transported by rivers -and dust as a subordinate conveyor-also contributes to the burial of organic carbon in marine sediments (Bianchi et al., 2014; Blair and Aller, 2012; Dagg et al., 2004; Degens et al., 1991; Schlünz and Schneider, 2000) . Although terrestrial OM is more resistant to remineralization than marine OM, it undergoes an intense recycling along the continental margins (Burdige, 2005) . Most of the terrestrial OM preserved in marine sediments is stored in deltaic environments and the remainder is dispersed along continental margins and deep oceanic settings where it is mixed with autochthonous marine OM (Berner, 1982; Burdige, 2005; Hedges and Keil, 1995) . Only rivers directly connected to the deep ocean by a submarine canyon may transfer high amounts of terrestrial OM into the abyssal plains. This is the case of the Congo River, the second largest river in the world in terms of fluvial discharge (Kinga-Mouzeo, 1986) , which exports large amounts of sediment to the eastern tropical part of the southern Atlantic Ocean, the Angola basin (Fig. 1) . The influence of the Congo River for the OM export to the Angola basin has been recognized long time ago. However, previous studies suggested that only shelf and upper slope deposits in front of the Congo River have high continental-marine OM ratio (1:1) while sediments in water depths greater than 700 m contain predominantly marine OM (Mollenhauer et al., 2004; Müller et al., 1994; Seiter et al., 2004) .
Since 1992, the Congo turbidite system was intensely studied by the French community. Several oceanographic campaigns were operated on this area: Guiness 1 and 2 (Cochonat, 1993; Cochonat and Robin, 1992) , Zaïango 1 and 2 (Cochonat, 1998; Savoye, 1998) , Zaïrov (Savoye and Ondréas, 2000) , Biozaïre Sibuet, 2001a Sibuet, , 2001b , Reprezaï (Marsset and Droz, 2010) , WACS (Olu, 2011) and Congolobe (Rabouille, 2011) . Several thousands of kilometers of seismic lines, around 250,000 km² of bathymetric survey, moorings with sediment traps and current-meters, dives with submarine vehicles, core samplings and in situ geochemical measurements were acquired during these campaigns. A significant amount of data and samples was obtained which allows a good description and understanding of the whole Congo deep sea fan (refer to Babonneau et al., 2004; Droz et al., 2003; Marsset et al., 2009; Migeon et al., 2004; Picot et al., 2016, and Savoye et al., 2009 with references therein). One hundred and fifty sediment cores were collected in different parts of the Congo turbidite system, from the canyon head to the terminal lobe complex, by ca. 5,000 m of water-depth. The organic geochemical analyses of these cores significantly increase the available dataset of OM content in surface sediments along the Congo turbidite system and enable to refine the total organic carbon (TOC) map of the Angola basin, especially concerning the areal extent of the Congo influence. The present study reports the geochemical results obtained on 150 core tops, discusses the depositional patterns in OM along the Congo turbidite system and examines the downslope trends in TOC and OM composition in the Angola basin.
Study area
The Angola basin extends in the equatorial and tropical southeastern Atlantic Ocean between the Equator and 15°S and 0° and 13°E (Fig. 1) . The surface water circulation in this basin is dominated by the Angola Current which forms the eastern branch of a large, cyclonic gyre in the Gulf of Guinea. It is formed by the southeast branch of the South Equatorial Countercurrent and the southward-turning waters from the north branch of the Benguela Oceanic Current. The modern distribution of primary production in this area is mainly characterized by oligotrophic waters in the southern part of the Angola basin with annual primary production less than 150 g C.m -² (Antoine et al., 1996) . By contrast, the northern part of the basin is characterized by higher primary production levels as the Congo River delivers large freshwater input with elevated nutrient concentration. The resulting plume extends in surface up to 800 km from the coastline (Cadée, 1984) and is deflected to the northwest by the South Equatorial Current. Annual primary production in this area may reach 400 g C.m -2 (Antoine et al., 1996) . In addition, some wind-driven seasonal upwellings impact the local productivity along the coast with annual primary production levels up to 700 g C.m -2 (Antoine et al., 1996; Schneider et al., 1997) .
The deep-water circulation in the Angola basin is dominated by the oxygen-rich North Atlantic Deep Water (NADW). NADW flows southward at depth along the western margin of South Africa (Reid, 1996) .
Modern surface sediments in the Angola basin are classified as nannofossil oozes (Archer, 1996) , with minor contributions of clay and siliceous microfossils. Clays are dominant below the calcite compensation depth (CCD), which presently lies at a depth of ca. 5,000 m in the Atlantic Ocean (between 4,800 and 5,600 m in the Angola basin according to Jansen et al., 1984) . Clayey and silty sediments are also associated to the mud-rich Congo deep sea fan.
This Congo fan is developed on the adjacent continental margin off the mouth of the Congo River and is one of the world's largest active deep-sea turbidite systems, with a surface estimated to 330,000 km² (Savoye et al., , 2009 . The turbiditic activity results from the direct connection between the Congo River estuary and a canyon head that allows direct transfer of sediment into the deep-sea via a single channel. The presently active channel-levee system, which extends 760 km westward off the Congo River mouth, was subject of several detailed studies (Babonneau, 2002; Babonneau et al., 2002 Babonneau et al., , 2010 Bonnel, 2005; Droz et al., 1996 Droz et al., , 2003 Marsset et al., 2009; Picot et al., 2016; Savoye et al., , 2009 . Evidences for the occurrence of turbidity currents in the canyon/channel include submarine cable breaks (Heezen et al., 1964) and direct sampling of turbidity currents by current-meters and sediment traps between 2001 and 2004 Vangriesheim et al., 2009 ). The frequency of turbidity events is estimated at about 60 per century (Heezen et al., 1964) . The slope of the channel floor decreases from 1.5 to 0.2% down channel. The channel is over-incised, with an incision depth ranging from 200 m at 3,000 m-depth to 100 m at 4,300 m-depth . Though the base of turbidity currents remains confined within the canyon/channel, the upper part can overflow the channel flanks and build symmetric levees on both sides of the channel. The size of the channel-levee system (channel relief, levee thickness and levee extension) decreases downslope toward the distal part of the turbidite system, where the channel disappears and feeds terminal lobes . The present-day active turbidite system ends as a complex of five partly stacked lobes, at a water depth of ~5,000 m. The terminal lobe complex was particularly studied during the Congolobe campaign (Rabouille, 2011; Rabouille et al., 2016) .
3. Material and methods
Database
The database was firstly built by compiling surface sediment OM data retrieved from the literature. It includes data published by Bickert and Wefer (1996) , Bongo-Passi (1984) , Cwienk (1986), Emelyanov and Romankevich (1979) , Kolla et al. (1979) , Jansen et al. (1984) , Lisitzin et al. (1975) , Mollenhauer et al. (2004) , Müller et al. (1994) , Romankevich (1994) , Rühlemann et al. (1999) , Schneider et al (1997) , Wagner et al. (2004) , Weijers et al. (2009) and Westerhausen et al. (1993) . Most of these data were previously compiled by Mollenhauer et al. (2004) or Seiter et al. (2004) and are available on PANGAEA (Mollenhauer et al. 2004 ). The resulting database, including 158 stations, was quality controlled considering redundancies and inconsistencies. The TOC contents in this dataset were expressed in weight percent of dry, salt-free sediment (Mollenhauer et al., 2004) . Sampling devices and methods of measurement are diverse as described in the references listed above, but TOC content was generally determined by elemental analysis.
This database was then enriched with OM data acquired on surface sediments (i.e. first centimeter) recovered in the Congo deep sea fan, the Ogooué turbidite system and other places in the Angola basin. It includes 32 data points published by Baudin et al. (2010) , Biscara et al. (2011 ), Dalibard et al. (2014 , Rabouille et al. (2009 ), Stetten et al. (2015 , Treignier (2005) and Treignier et al. (2006) .
Finally, 132 additional core tops were sampled and analyzed as follow to complete the dataset (Table   1 ). In total 322 stations in the Angola basin were compiled for the present study.
Samples
The cores were recovered between 1992 and 2012 during different cruises operated by Ifremer to survey the Congo deep sea fan. These cores penetrated different depositional environments characteristics of the Congo turbiditic facies, including channel deposits (16.2% of the total cores), levee deposits (10.2%), lobe deposits (32.5%), hemipelagic deposits (38.5%) and rare contouritic facies (2.6%). Several tools were used for coring, including gravity core, multitube, and remotely operated vehicle core-tube devices as reported in Table 1 . For gravity cores, it should be kept in mind that the first centimeters or decimeters of the sediment were washed over when the tool penetrated the seafloor and during corer handling aboard ship. The same problem happens for some stations considered in previous studies (e.g. Mollenhauer et al., 2004) . For all available and appropriate cores, 5 to 8 cc of the first centimeter (0-1 cm interval) were sampled. This sampling interval may be reduced (0-0.5 cm) or skip to the second or third centimeter when the top of the core was disturbed (Table 1 ).
The cores from Reprezaï, WACS and Congolobe campaigns were sampled just after retrieval, whereas cores from Guiness, Zaïango, and Zaïrov campaigns were stored several years at room temperature before sampling. All samples were rinsed with deionized-water to eliminate salt (which may generate disturbance during Rock-Eval analysis), dried in an oven at 50°C for 12h and crushed in an agate mortar to obtain a fine and homogeneous powder.
Analytical methods
Pyrolytic analyses were carried out using a Rock-Eval 6 Turbo device (at Sorbonne-Universities), operating in a mode which is devoted to recent sediments . This mode necessitates to start the pyrolysis at 180°C to avoid thermal decomposition of the most labile components of the OM. Among the parameters delivered by Rock-Eval analysis, two were particularly examined here: total organic carbon content (TOC, in wt %) and hydrogen index (HI, in mg HC.g -1 TOC) corresponding to the quantity of pyrolyzable organic compounds (S2 peak) relative to TOC. The precision for the parameters is ± 0.1% for TOC and ± 10 mg HC.g -1 TOC for HI.
C:N atomic ratios, and stable isotope composition of carbon were determined (at Bordeaux 
Mapping method
Based on the previously published dataset and our complete dataset (322 stations), TOC content maps of the Angola basin were generated using the Surfer© software. The natural neighbor gridding method, without any anisotropy, was used as this method is well adapted with dataset having dense data in some areas and sparse data in other ones. Although a detailed discussion of the statistical methods is beyond the scope of this study, the natural neighbor method estimates the grid node value by finding the closest subset of input data points to a grid node and then applying weight to each. The natural neighbor method does not extrapolate values beyond the range of data and it does not generate nodes in areas without data. We used geographical coordinates for mapping (= equaldistance projections) that may introduce a bias due to latitudinal distortion in the grid. However, because the Angola basin is situated near the Equator, this distortion is very limited and can be disregarded. The relatively coarse spatial resolution of our grid does not allow high resolution of areas with highly variable TOC content, such as coastal upwelling areas and the distal lobe complex zone. The true TOC content at individual stations in these areas may exceed the values reported on the map, because average values are calculated over a larger area for the coarse grid used here.
Finally, due to insufficient spatial resolution, some areas are blanked during the gridding procedure and are left white in the map. This is the case for the OM composition map as only 159 δ
13
Corg data points are available in the entire Angola basin.
Results and discussion

Representativeness of the dataset
The seafloor of the Angola basin, as shown on figure 1, covers a total surface of ~1.5 10 6 km² with 82% of this surface being in abyssal depths (> 3,000 m). Because oceanographic studies are generally focused on shelves and slopes, the data density is much higher in these zones compared to the wide basin areas. In addition, the data density is higher in the central part of the Angola basin (between 3°
and 9°S), just in front of the Congo River mouth, than in northern (between 0° and 3°S) or southern (between 9° to 15°S) parts of the basin.
Considering the central part alone, where the influence of the Congo deep sea fan is obvious, the seafloor surface reaches 600,000 km², namely 40% of the entire surface of the Angola basin, but includes 78% of the studied stations. In the studies of Mollenhauer et al. (2004) and Seiter et al. (2004) , 68% of the sites reported in this central part were distributed at water depths above 3,000 m (shelves and slopes), thus representing only 27% (1 deep station for 2.5 shallow stations) of the Angola basin, and above all, omitting its deepest part (Fig. 2) .
We here fill this gap by doubling the number of stations, especially in the deepest part of the Angola basin. The relatively shallow depths (< 3,000 m) are still slightly over-represented compared to abyssal and bathyal depths (> 3,000 m) but the bathymetric distribution of our stations better matches the surface distribution of the studied areas (Fig. 2) . Thus, 62% of the studied sites are located in abyssal depths (> 3,000 m) which cover 73% of the seafloor surface of that part of the Angola basin.
Distribution of TOC content in surface sediments of the Angola basin
The maps of TOC content in surface sediments of the Angola basin are shown in figure 3. As already reported by previous authors (Lisitzin et al., 1975; Mollenhauer et al., 2004; Romankevich, 1994 , Rühlemann et al., 1999 Seiter et al., 2004) , high TOC contents, up to 5% of total dry and salt-free weight, are observed along the upper slope of the West African continental margin. The highly productive surface waters related to the Angola/Benguela front (near 13-16°S), seasonal upwellings and nutrient-rich freshwater outflow from the Congo River (Voituriez and Herbland, 1981) , are responsible for this extremely high sedimentary TOC contents. Surprisingly, the upper slope off Gabon (0-2°S), which is characterized by high primary production levels (Antoine et al., 1996; Berger, 1989) , does not coincide with high TOC values in surface sediments. This has been attributed to dilution of the OM by carbonate and/or biogenic silica (Lisitzin et al., 1975) .
The shelf and upper slope deposits in front of the Congo River mouth contain high proportions of terrestrial OM. Our new data set emphasized the high TOC content observed downslope at the emplacement of the Late Quaternary Congo fan (Fig 3b) , visible on the seabed morphology by a network of abandoned channels (Droz et al. 2003; and along the active turbidite channel of the Congo deep sea fan Savoye et al. 2009 ), a feature not shown previously (Mollenhauer et al., 2004; Seiter et al., 2004, Fig. 3a) . This is particularly apparent near 5,000 m of water-depth in the distal part of the fan, where our map shows a butterfly-like positive anomaly of OM. Though the two "wings" are defined by only a limited number of stations therefore questioning their representativeness, the "body" is defined by several tens of stations and is unquestionable. Surprisingly, TOC values as high as 5 wt% are observed at these great depths, where the terminal lobe complex of the presently active turbidite system is developed (red rectangle on Fig.   3a ). The exceptional organic richness of this zone was first discovered by Rabouille et al. (2009) who analyzed a core located in the channel just at the entrance of the lobe complex. After the WACS and Congolobe campaigns (Rabouille et al., this volume) , several hundreds of geochemical results confirm the extremely high TOC contents of the lobe sediments (Baudin et al., this volume; Stetten et al., 2015) .
High TOC contents are found in the upfan zone of the Congo turbidite system too. Near 4,000 m of water-depth, where the channel-levee systems are well developed , the surface sediments contain ~2.5 to 3 wt% TOC (Baudin et al., 2010) .
Our data clearly show that organic depocenters are dependent on the bathymetry, as illustrated in figure 4 . A significant enrichment in TOC is noticed in the upper slope areas between 200 and 1,000 m of water-depth. In this bathymetric interval, 80% of the studied stations (59 data points) exhibit TOC higher than 2%. As mentioned above, this enrichment is related to coastal upwellings which developed along the West Africa and to the lateral transport of OM by nepheloid layers (Inthorn et al., 2006) . Below 1,000 m of water-depth the TOC content is decreasing with increasing depth. For instance at the toe of slope between 3,000 and 4,000 m of water-depth, only 30% of the studied stations (47 data points) exhibit TOC higher than 2%. A second enrichment is obvious at abyssal depths (from 4,000 to 5,000 m and deeper) which is related to the Congo turbidite system. 60% of the studied stations (105 data points) in the range of 4,000-5,000 m of water-depth display TOC contents higher than 2% and some surface sediment samples may contain up to 5% TOC (Fig. 4) .
Source of organic matter in surface sediments of the Angola basin
The identification and quantification of OM sources, whether continental or marine, in marine sediments are always difficult because several parameters influence the bulk and molecular characteristics of the preserved OM.
Information on the origin of OM can be determined by pyrolytic measurements by the mean of the Hydrogen Index (HI) parameter which approximates the H/C atomic ratio defined on kerogen (Espitalié et al., 1985; Peters, 1986; Tissot and Welte, 1984) . According to the low range of HI values (73-296 mg HC.g -1 TOC, Table 1 ), the OM of the studied samples (147 data points) could be mainly attributed to Type III (Fig. 5 ). This type is usually related to continental higher-plants debris, but oxidized marine OM (Type II) shows similar HI values (Espitalié et al., 1985 , Peters, 1986 , especially in recent marine sediments . Consequently, the Rock-Eval parameter is here inappropriate to discriminate between marine and terrestrial OM sources. 27.1 in coarse particulate OM (Spencer et al., 2012) . C:N ratios of samples and end-members are often used in linear mixing equations to estimate the fraction of continentally derived TOC in sedimentary environments. Nevertheless, because continental OM is relatively depleted in nitrogen, the fraction of terrestrially derived OM has been systematically underestimated by using C:N mixing lines (Perdue and Koprivnjak, 2007) . Moreover, because nitrogen is preferentially consumed during the oxidation of marine OM, the C:N ratio of altered marine material deviates from the initial Redfield ratio. Then it is hazardous to calculate a marine or terrestrial source contribution in surface sediments using only their C:N ratio signature.
In contrast, the carbon isotopic composition appears a more relevant parameter to estimate the contribution of the two main sources of OM in our dataset. δ Corg of marine OM is -19.5‰ for that part of the equatorial Atlantic Ocean and the detrital end-member is -27.8‰ as reported by Spencer et al. (2012) for the mean carbon isotopic ratio of OM delivered by the Congo River, the terrestrial organic fraction in the studied core-tops ranges from 0 to 100%. The frequency distribution of the δ 13 Corg datapoints displays a bimodal distribution (Fig. 6 ). The first mode, around -22‰, suggests that the OM in surface sediments is dominated by marine phytoplanktonic OM whereas the second, around -26‰, denotes a dominance of C3 higher-plants in the OM preserved in marine surface sediments.
Influence of turbidite activity for dispersion of terrestrial organic matter
An E-W trend in the enrichment in OM content of surface sediments of the Angola basin is visible off the Congo River mouth (Fig. 3b) . This trend is clearly related to the turbiditic spillover which facilitates the transport and accumulation of OM along the active turbiditic channel and the terminal lobes of the Congo deep sea fan. The δ
13
Corg map of the Angola basin shows that the terrestrial OM (more negative δ 13 Corg) is also preferentially distributed along the present-day active channel down to the lobe complex near 5,000 m of water-depth (Fig. 7) . In more detail, the isotopic signature of surface sediments is clearly related to the bathymetry of the station and the distance from the turbidite active channel (Fig. 8) . Depending on these two parameters, the OM sedimentation follows two trends. The first trend (dotted arrow on figure 8) shows a more or less constant marine source with heavier isotopic ratios, ranging between -19.5 to -22.0‰, whatever the distance from the coast, the bathymetry and the distance from the active channel. The second trend (solid arrow on figure 8) displays a decrease to lighter isotopic ratios with increasing depth, suggesting an enrichment of terrestrial OM with depth. This enrichment is clearly related to the turbiditic activity along the channel as it starts near 3,000 m of water-depth where the upper fan levees accumulate . Most of the data points defining this trend are located within 25 km from the active channel. In the terminal lobe zone, near 5,000 m of water-depth, where all material transported by turbidity currents is rapidly deposited (Rabouille et al., this volume) , the δ
Corg values are similar to those of the OM delivered by the Congo River (-27.8 ‰; Spencer et al., 2012 Spencer et al., , 2014 . This trend is also perceptible when examining the HI-values of turbidite-related facies (Fig. 9 ). It appears that the HIvalues of both channel and levee facies are roughly increasing downslope, suggesting a better preservation of terrestrial OM according to depth.
This downslope trends in TOC content and OM composition indicate that particle transport by turbidity currents is the primary mechanism controlling both supply and burial of OM. Indeed, the Congo deep-sea fan is one of the largest turbidite system in the world still affected by turbidite sedimentation during the current interglacial high sea-level . Consequently the Congo deep sea fan is prone to dispersal and storage of terrestrial OM in the bathypelagic depths. This is obviously due to the direct connection of the river mouth to the deep ocean by the canyonchannel-levee-lobe system but also to the high proportion of OM in the suspended material delivered by the Congo River compared to other worldwide rivers.
Conclusion
In addition to previously published data, one hundred and fifty surface sediments (< 3 cm and mostly Interpretation of downslope trends in TOC content and organic matter composition points to the particle transport originating from the Congo River by turbidity currents as the primary controlling factor to supply and accumulate organic matter. Finally, the Congo deep sea fan appears a very efficient system to transfer and terrestrial organic matter directly to the bathypelagic depths and store it in sediments. Considering the high sedimentation rates related to the canyon-channel-levee- and 9°S reported in both previous studies (in % of 94 stations) and this study (in % of 251 stations).
To this respect, our dataset presents a better representativeness than those used in previous studies.
Nevertheless, shallow depths (< 1,000 m) are still slightly over-represented compared to abyssal depths (> 3,000 m). 
